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(57) There are provided aqueous dispersions for 
CMP that can efficiently polish both copper films and 
barrier metal films, which can give sufficient flattened 
finished surfaces without excessive polishing of insulat- 
ing films, as well as a CMP process employing the aque- 
ous dispersions. The aqueous dispersions for CMP ac- 
cording to the invention are characterized in that for pol- 
ishing of a copper film, barrier metal film and insulating 
film under the same conditions, the polishing rate ratio 
( r Cl/ r bm) of the copper film (R Cu ) and the barrier metal 
film ( r bm) is sucn tn at 0-5 < r Cl / r bm * 2 . a "d the pol- 
ishing rate ratio ( R Cl / R in) of the copper film (R Cu ) and 
the insulating film (R ln ) is such that 0.5 £ R Cl / R in ^ 2. 
Other aqueous dispersions for CMP according to the in- 
vention are characterized in that they contain an abra- 
sive, a heterocyclic compound, an organic acid and an 
oxidizing agent, and for polishing of a copper film, barrier 
metal film and insulating film under the same conditions, 
the- pofishing rate ratio (R Cu /r bm) of tne copper film 
(R Cu ) and the barrier metal film (R BM ) is such that 0 < 
r Ci/ r bm * 5 i and tne polishing rate ratio (R| n /R BM ) of 
the insulating film (R ln ) and the barrier metal film (R BM ) 
is such that 0 < R )r /R BM < 2. The CMP process of the 
invention is characterized by using these aqueous dis- 
persions for CMP in the second stage of two-stage pol- 
ishing, in the second stage of three-stage polishing or 
in the third stage of three-stage polishing. 
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[BACKGROUND OF THE INVENTION] 
[Field of the Invention] 

[0001] The present invention relates to an aqueous dispersion for chemical mechanical polishing (hereunder referred 
to as "aqueous dispersion") and to a chemical mechanical polishing process. More specifically, the invention relates 
to an aqueous dispersion capable of efficient polishing of various types of working films formed on semiconductor 
substrates, which allows free adjustment of the polishing rate ratios for copper films, barrier metal films and insulating 
films, and which can give adequately flattened and high precision finished surfaces, as well as to a chemical mechanical 
polishing process employing the aqueous dispersion. The aqueous dispersion of the invention is particularly useful for 
the second-stage chemical mechanical polishing step of two-stage polishing processes, or for the second-stage or 
third-stage chemical mechanical polishing step of three-stage polishing processes. 

[Description of the Prior Art] 



[0002] A recent technique used in the manufacture of semiconductor devices is a process whereby a hole or groove 
is formed in an insulating film on a processing wafer, and then a barrier metal film made of a hard metal or the like is 
formed and a wiring material such as tungsten, aluminum or copper is embedded in the hole or groove to form a wiring 
material film, after which the unnecessary portions of the wiring material film and barrier metal film are removed by 
chemical mechanical polishing (hereunder referred to as "CMP") to complete the wiring. The wiring formed by this 
technique is known as damascene wiring. 

[0003] It is common to form damascene wiring by a CMP process comprising a plurality of CMP steps. 

For example, in a CMP process comprising two CMP steps (hereunder referred to as "two-stage polishing proc- 
ess"), the wiring material such as copper is polished mainly in the first-stage CMP step, and the barrier metal film is 
polished mainly in the second-stage CMP step. Several forms of the two-stage polishing process have been proposed, 
and a great number of aqueous dispersions for use in each stage have also been proposed. 

[0004] First two-stage polishing process involves polishing in the first-stage CMP step until the copper is almost 
30 completely removed, and then removing just the barrier metal film in the second-stage CMP step. In this case, dishing 
often occurs in the wiring sections during the first-stage CMP step, and this dishing cannot be corrected by the second- 
stage CMP step in which mainly the barrier metal film is polished, and therefore it is sometimes difficult to form satis- 
factory damascene wiring. 

Second two-stage polishing process that has been proposed involves incomplete removal of the copper in the 
first-stage CMP step to an extent that does not cause dishing in the wiring sections, and removal of the copper remaining 
from the first-stage CMP step with the barrier metal film in the second-stage CMP step. This process sometimes results 
in inadequate smoothness of the finished surface, and requires a longer time to complete the polishing, thus also 
leading to the problem of increased costs. 

In the first and second processes mentioned above, different polishing performance is required for the aqueous 
dispersions used in the second-stage CMP step, and therefore different aqueous dispersions with different component 
contents are used for the second stages, respectively. 

[0005] In manufacturing processes for semiconductor devices, insufficient flatness of the underlayer wiring can cause 
unwanted irregularities on the surface of the insulating film, and the copper film and barrier metal film formed over 
those irregularities often create "waviness". As a measure against such situations, it has been proposed to employ a 
polishing process with three CMP steps (hereunder referred to as "three-stage polishing process") in order to eliminate 
the waviness and obtain a flatter finished surface. The third-stage CMP step uses an aqueous dispersion whose com- 
ponents and composition are suited for that step. 

[0006] In the various CMP steps described above, however, it is not easy to accomplish efficient polishing of barrier 
metal films made of metals with high hardness, such as tantalum. On the other hand, since copper films are relatively 
soft they are easy to polish and can produce dishing, sometimes preventing a flat finished surface. Wiring breaks also 
sometimes occur due to scratching and the like. 

When the polishing surface is a porous insulating film with a low dielectric constant, it is difficult to achieve an 
adequate polishing rate if an aqueous dispersion with a low pH is used for the CMP, and conversely if the pH is high, 
the insulating film is excessively polished making it difficult to form satisfactory damascene wiring. It also becomes 
55 difficult to prevent scratches during the CMP of porous insulating films with low dielectric constants. 
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[SUMMARY OF THE INVENTION] 
[Problems to be Solved by the Invention] 



efficie tfy PoS^X^ ChemiCa ' meCha " ical <>°^ «* can 



[Features of the Invention] 



compouXTo^ 

raonJ h l P ™h em "T"' 0 " haS " een accom P |lsh « l °" <•» basis of these discoveries. 
cZloofclS 

tions. ponsning ana a chemical mechanical polishing process having following constitu- 

Sffi^" ,or saw "w fiim - - p°""» «. -or said i^iX g ",LX, h ; 

o<*to5™^^^ 

composite partotee " 9 ' n0rg * n,C P "* Ctes ' or 9 anio » arfcfes »" d inorganic/organic 

zzxzszzszz'ES! mMto " oal p * hino ,o t31 — * - ■■"«*» - 

m »>|n dispersion to, cnemlcai meohanioa, potehing according to any one of [,] to [6, above, wherein toe 
[If ] An aqueous aspersion forchemica, mechenica, poiishing accordin'gto p] or [fl above, tvhichfurfherconfeins 
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a surfactant at 0.0001-0.1 wt%. 

[12]An aqueous dispersion for chemical mechanical polishing according to [8] above, wherein the pH is 8 5 or 
above said rat.o R Cl /R BM is such that 0 < R Cu /R BM < 0 .1 , said ratio R ln /R BM is such that 0 < < J 1 and 

which further contains a surfactant at 0.0001-0 1 wt% ^ BM 1 nd 

rwi^^^ mechanical polishing according to [12] above> wherejn sajd heterocyc(jc 

above" SpT^" fr! C n al ^ echanical P° ,ishin 9 ac ~^ing to [8] above, wherein the pH is 8.5 or 
above sa.d rat.o R^/R^ ls such that 0 < R Cu /R BM < 0 .05, and said ratio R ln /R BM is such that 0.1 < R ln /R BM < 2 

comoTndT*? TT™ T meChaniCa ' P °' iShin9 aCC ° rdin 9 t0 ™ above - whe > ei " «« heterocyclte 

doSe ™ am ° ng benzotriazole - q"inaldinic acid and 7-hydroxy-5-methyl-1 ,3,4-tri Jain- 

[16]A chemical mechanical polishing process characterized by comprising 

a first stage of chemical mechanical polishing which employs an aqueous dispersion for chemical mechanical 

po,ishing rate for cop - *» ^ - - p — - - s 

i::~ g s a e ^ 

oolLl'n^nli^i haniCa ' POliShiP9 - PraCeSS characteri2ed in that the second stage of chemical mechanical 
™nLt P 9 P/ oce . S8 1 oom P risl "9 two stages of chemical mechanical polishing is carried out using an 
aqueous dispersion for chem.cal mechanical polishing according to any one of [9] to [1 51 above 

oolwn ^T^.T Shan,Cal POliShln9 Pr ° CeSS characteri2ed in that the second stage of chemical mechanical 
^ T 0655 eom P rb,n 8 three sta 9 es ° f che <^ a ' mechanical polishing is carried out using an 
aqueous d.spersion for chemical mechanical polishing according to any one of [9] to [1 1 1 above 

d LLr JL f 9 T 813968 ° f ChemiCa ' mechanical PO"«Wng is carried out using an aqueous 

d.spers.on for chemical mechanical polishing according to any one of [12] to [15] above. 

30 [Effect of the Invention] 

!ate 1 s 0l for 2i2T" ^nT™ ° f *" I"" 6 " 1 ' 0 " aCC ° rding t0 C ' a ' ms 1 to 7 has a s P ecific ratio b ^een the polishing 
nlut Zo mST * bamer /"^ films and a s Pecif-c ratio between the po.ishing rates for copper films and 

msu ating films, thus allowing working films to be polished to the same degree at suitable rates while producina no 

35 scratches or dishing, so that the dispersion is useful.for manufacture of semiconductor devices 9 

According to the CMP process of the invention as described in Claim 16, an aqueous dispersion accordino to 
predston " d6SCribed "* * C ' aimS 1 " ? * US6d t0 ° btain flniShed SU * aces ^eTlZesT^S^ 
[001 1] According to the aqueous dispersion of the invention as described in Claims 8 to 1 5, the composition of the 

*o aqueous dispersion may be changed to allow easy adjustment of the polishing rate ratio between tTcoppe^fi m 
barrier meta, film and instating film. This a.lows the barrier metal film to be polished with adequate eff^ncy and 
dL C HhLTr° US ZT^ CMP that d ° eS n0t excessive| y P°"*h the insulating film. The aqueous dispersion as 

o^i 221 * V V 9, 18 U , 8 l fUl f ° r S6C0nd Sta9e ° f 3 tW °- Sta9e P° lishin 9 P rocess - " for the second sfcge 
, s n !lf o 96 u 3 three " sta 9 e P° ,ishi ng Process in the manufacture of semiconductor devices 

n Q H SaSy 3d r tment ° f the P° lishin 9 rate ra «° by changing the composition is preferred because it requires 

ZTlnT ! S ° r COmP ' eX procedures at the *<V*™ Version supply end It is also preferred because 

the demand end only needs to store the suitable and necessary amounts of aqueous dispersions for each polishing 
and the storage volume can therefore be reduced. P°"smng, 

o [BRIEF DESCRIPTION OF THE DRAWING] 

[001 3] Fig. 1 is a model illustration showing the polishing sections removed during each stage for elimination of wafer 
waviness by a two-stage polishing process and a three-stage polishing process. elimination of wafer 

5 [DETAILED DESCRIPTION OF THE INVENTION] 

cm^h " C ° PPer film ; be f ° rmed fr ° m PUfe COpper ' or * ma y be formed f ™ a" alloy containing at least 
95wt%, such as copper-silicon or copper-aluminum. 
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[0015] The "barrier metal film" is formed from a metal with high hardness such as tantalum or titanium or from their 
nrtndes ox.des and the like. Here, a "metal such as tantalum" is not limited to pure tantalum, but mdudes a leys 

^i7^r D ^ D ^T ,u ^ ,a Nitrides of tantalum ortitanium (ta " talum »™°^™£Te 

5 la^rl^m P ? P r? UC ?: f ° r eXamp ' e ' th6y may Contain other metal nitrides - Particularly preferred as 
s barrier metal films are tantalum films and/or tantalum nitride films 

The barrier metal film will usually be formed of just one from among metals such as tantalum and titanium or their 
nitrides ox,des. and the like, but barrier metal films composed of two different compositions, for e^TolrZ 

the slmTslTate " ^ °° mp08ed ° f tanta ' Um nW *- ™ y als ° be -ed'Sgether on 

W EH? : ins " ,ating fitm " marbff notonljr an ordinary SiQ 2 film, but also a thermaf oxidation film such as plasma 
TEOS, or an .nsu.at.ng fi.m with a low dielectric constant for the purpose of enhancing performance^ o a^LsT™ 
.nsulatlng films with a tow dielectric constant" there may be used insulation films comprising silsesquScan (diefect^c 

is ^'^^T^ 9 ^^ 2 4 - 3 - 6, trade name " P,Q " by Hitachi Chemical Industries Co trade 
™ 1 X A '" ed S ' 9nal Co ' P - and thS Hke) ' benzocyclobutene (dielectric constant: approximately 2 7 ' adJ 
name "BCB" by Dow Chemical Corp., and the like), hydrogen-containing SOG (dielectric conltanT ^ approxLaSv 

Cc :^2.rand?h a eTke SOG (die ' eCtriC " app ™ imately trade name "HSgW" by ££^SSEE£ 

20 S! t 1 2 JS? ^ 0 h nditions " means u that a specific model of polishing apparatus is used, and that all of the conditions 
that affect the pol.sh.ng results, such as the table and head rotation, polishing pressure, polishing time type of Dolisnino 
pad used and supply rate of aqueous dispersion per unit time, are the same polishing 
These conditions may be set as appropriate so long as the comparison is made under the same conditions but 

\ZZ^lT^l a Z al polish !' 9 c ? ndrtions or nearly actual conditfons - For exam P |e . * i= Po^l^SfSSl 

rotation speed of 30-120 rpm and preferably 40-100 rpm. a head rotation speed of 30-120 rpm and preferably 40-100 
*5 rpm a table rotation speed/head rotation speed ratio of 0.5-2 and preferably 0.7-1.5. a po.ishTng pressu!^ o notsSo 
g/cm^and preferably 200-350 g/cm*. and an aqueous dispersion supply rateof 50-3o\> m./min anc ^ZSj 1 2o-So 

harf JtTJTrf ° f P °! iShing fateS may be calculated fr °m the values of the polishing rates of the copper film 
so Z ooS! TJ* * tm ? ^ Whe " theV ^ SSparate,y P0lished under the aforementioned same^ons' 
mm fn an aoLI^ f ^ T 9 3 W3fer Pr ° Vided Wrth 3 C ° Pper fi,m ' barrier metal film and insulating film 
m ) ind barn a ?m^fff PSr r "k" " * » C ' aimS 1 l ° ? ' ^ (FWR ™> ° f the W ,ilm P olis "'"9 ^ate 

that 0 7 < ™' l lm r„ f 9 r t ^ S SUCh th3t 0 5 " Rcu/Rbm * 2 - The rati ° OWRbm) - preferably'such 

11 S'if So 5 M /R x ? P r u eferab| y such that 0.8 £ R Cu /R eM < 1 .2, and even more preferably 0.9 S Rci/Rhm < 

35 film i th/f r ^ * BM) J! ' eS ! than 0 5 tHe C ° Pper fi ' m may not be P° ,ished at a sufficient rate, and when the copper" 

b the first st^ of ^ 9rOOVeS ° r h ° ,eS (the SeCti ° nS formi "9 the wiri "9> nas bee " incompletely remo'ved 

by the first stage of polishmg in a two-stage polishing process, a longer time is necessary to remove the unnecessary 

2SS"J s^dTlnlT ° f POliS . h ? • ° n ^ ° ther hand ' " (R ^ R b-> is 9-ter thin 2. the ^Z£2 

23£E^ sta9e of polishin9 - becomin9 a source of dishi ^ and »-*■ ■ -"po-i ^ 

40 [p° 1 f J ,T e T dispersion as Scribed in Claims 1 to 7, the ratio (R^J of the copper film polishinq rate 

JW -d insula ,ng fflj . polishing rate (R ) is such that 0.5 , R Cu /R ln , 2 . T^ratfo ^ prefLbiy sucn £ 
the r J^frn '"/p \ ! P r f erab,y SUch that °- 8 S R cu/Rm ^ 1 -2. and even more preferably 0.9 < R Cu /R |n < 1 1 , f 
2T« Eh T CU T' n) IS ^ 1: than 2 C ° PPer fHm may bC exces sively polished when the aqueous dispersion is used 
for polishing of a working film on a semiconductor substrate, resulting in dishing at the wiring sections an^ m^Wna it 

« imposs.ble to obtain a finished surface with sufficient flatness and high precision On the other hand Z Z 7 

[0020] An aqueous dispersion as described in Claims 1 to 7 is useful as an aqueous dispersion to be used for the 
second stage of polishing in a damascene wiring-forming step. It is also particularly useful for tne secTd staqe of 

so P k, T" 3 tW °" Sta9e P ° liSning prOC6SS US ' n9 an ac > Ueous dis P ersion wherein R c Jr bm 20 or arl^Z^oJ- 
so erably 40 or greater, and even more preferably 50 or greater), as in the CMP process described^m 6 ' 

nf a T t" a " Tt° US dlSpers,on ot the invention is ^ed in a one-stage polishing process and/or in the first staqe 
pLtnTolrthe 0 S eed 9 f Pr .° CeSS ' ^ *\ T*"™* ^^esL^use of the fl^SSS 

S SH 'T of ,h. T R 5 ° f aqUe ° US dis P ersion - ln the CMP process described in Claim 16 the 

nafio Rc^R^ of the aqueous dispersion used for polishing in the first step is preferably not less than 20 because this 

to7 2 ^7oZ re J™ f °H PO,iShin9 " ^ St6P and ^ neC6SSitate 3 ^ eater a — nt <* aqueous dJpers on 
ate R Tan d h ^ IT' 8 ' 0 " m dSSCribed C ' aimS 8 t0 1 5 ' the rati ° (^bm) of the copper n £ polishing 
r a lll Rcu) and barriermeta,f,lm Pushing rate (R BM ) is such that 0<R Cl /R BM £ 5 

[0022] An aqueous dispersion according to Claim 9. wrth a pH of below 8.5. In R Cu /R BM ratio such that 0.5 < R C(/ 
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R BM S 5 and an R|„/R BM ratio such that 0 < R )n /R BM < 0.1 [hereunder referred to as "aqueous dispersion (a)"1 is 
particularly effective when used in the second stage of a two-stage polishing process or the second stage of a three- 
stage polishing process, as according to Claims 17 and 18. The Rc/R^ ratio of aqueous dispersion (a) may be such 
that 0.5 < R Cu /R BM <: 3, or such that 0.5 < R^R^ < 2. The R ln /R BM ratio may be such that 0 < R ln /R BM <; 0.09, or 
such that 0 < R ln /R BM S 0.085. By using aqueous dispersion (a), the copper film is polished while the barrier metal film 
is also adequately polished, with no excessive polishing of the insulating film. 

[0023] An aqueous dispersion according to Claim 1 2, with a pH of 8.5 or above, an Rc u /R B m ratio such that 0 < R^/ 
R BM <, 0.1, an R ln /R BM ratio such that 0 < R|n/R BM <, 0.1, and containing a surfactant at 0.0001-0.1 wt% [hereunder 
referred to as "aqueous dispersion (b)"], is particularly effective when used in the second stage of a two-stage polishing 
process or the third stage of a three-stage polishing process, as according to Claims 17 and 19. The Rc u /R BM ratio of 
aqueous dispersion (b) may be such that 0 < R Cu /R BM < 0.08, or such that 0 < R Cl /R BM S 0.05. The R ln /R BM ratio may 
be such that 0 < R ln /R BM <, 0.09, or such that 0 < R ln /R BM <; 0.085. By using aqueous dispersion (b), the copper film is 
only slightly polished while the barrier metal film is adequately polished, with no excessive polishing of the insulating film 
[0024] An aqueous dispersion according to Claim 1 4, with a pH of 8.5 or above, an Rci/Rbm ratio such that 0 < R Cu / 
R BM < 0.05 and an R, n /R BM ratio such that 0.1 < Ft,JR BM z 2 [hereunder referred to as "aqueous dispersion (c)"] is 
particularly effective when used in the second stage of a two-stage polishing process or the third stage of a three-stage 
polishing process, as according to Claims 17 and 19. The T^JR^ ratio of aqueous dispersion (c) may be such that 
0 < Rc/Rbm s 0.03, or such that 0 < R Cu /R BM < 0.02. The R lr /R BM ratio may be such that 0.1 < R,,/R BM < 1 .5, or such 
that 0.1 < R|,/R BM < 0.8. By using aqueous dispersion (c), there is almost no polishing of the copper film, the barrier 
metal film is adequately polished, and the insulating film is suitably polished to eliminate waviness. 
[0025] These aqueous dispersions (a), (b) and (c) may be appropriately selected for use based on whether the 
copper film has been completely removed in the first stage of polishing or the second stage of polishing has been 
carried out without completion of the copper film polishing in the first stage of polishing, or on the presence and extent 
of waviness. 

Fig. 1 shows a model illustration of the difference in the polished sections at each step in two-stage polishing 
and three-stage polishing, where waviness have been produced on the wafer. 

[0026] The "abrasive" used is preferably of at least one type of particle selected from among inorganic particles 
organic particles and inorganic/organic composite particles. Inorganic particles are preferred, with silica particles and 
especially colloidal silica particles being most preferred for the abrasive. 

[0027] "Inorganic particles" may be particles composed of silica, alumina, titania, zirconia, ceria or the like The 
inorganic particles are preferably of high purity. Specifically, there may be mentioned particles composed of silica 
alumina, titania or the like which are synthesized by (1) a fumed method in which oxygen and hydrogen are reacted 
with silicon chloride, aluminum chloride or titanium chloride in a gas phase, (2) a sol-gel method in which a metal 
alkoxide such as tetraethoxysilane or a titanium alkoxide is hydrolyzed and condensation is carried out for the synthesis, 
and (3) an inorganic colloid method in which the impurities are removed by purification. 

[0028] "Organic particles" may be particles composed of a thermoplastic resin such as any of those listed as (1 ) to 
(4) below. 

(1) Polystyrene and styrene-based copolymers 

(2) (Meth)acrylic resins such as polymethyl methacrylate and (meth)acrylic copolymers 

(3) Polyvinyl alcohol, polyacetal, saturated polyester, polyamide, polyimide, polycarbonate and phenoxy resins 

(4) Polyolef ins such as polyethylene, polypropylene, poly-1 -butene and poly-4-methyl-1 -pentene, and olefin-based 
copolymers 

[0029] These organic particles maybe produced by emulsion polymerization, suspension polymerization, emulsifying 
dispersion, pulverization, and the like. 

[0030] The organic particles may be composed of a polymer with a crosslinked structure, obtained by copolymeri- 
zation of styrene, methyl methacrylate or the like with divinyl benzene, ethyleneglycol dimethacrylate or the like. The 
hardness of the organic particles can be adjusted by the degree of crosslinking. 

There may also be used organic particles composed of thermosetting resins such as phenol resins, urethane 
resins, urea resins, melamine resins, epoxy resins, alkyd resins and unsaturated polyester resins. 

These different types of inorganic particles and organic particles may be used alone or in combinations of two 
or more types. 

[0031] "Inorganic/organic composite particles" may consist of inorganic particles and organic particles formed inte- 
grally to an extent so as not to easily separate during the CMP process, and there are no particular restrictions on their 
types or structures. 

As inorganic/organic composite particles (hereunder referred to as "composite particles") there may be used 
particles formed by polycondensation of an alkoxysilane, aluminum alkoxide, titanium alkoxide or the like in the pres- 
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20 



25 



group of the polymer particles, or it may be bonded Ta pani ZTn*** T T b ° nded to the functio " a ' 

[0032] For production of the comnositP x coupling agent or the like. 

* alkoxysHane.These may IL b'Sy ESS,?! ° ra,Umi " a particte * -ay also be used instead of an 
to the polymer particles by their fundiona^ - — «- chemicaily bonded 

SLa^i^ artides and inorganic partic.es bonded by 

with zeta potentials of opposite signs. drspers.on conta.n.ng organic particles and inorganic particles 

10 [0034] Composite particles composed of electrostatically h nn **>* ■ i 

be explained further. electrostatically bonded inorganic particles- and" organic particles will now 

poten SHr- have an ~ « * — - 

- -"ssa'w^ - usually negative across the entire pH range, or 

acid groups or the like, it is possible to *!1?£ZSZZ^^ T^* With Gubox » i graups - «*"«e 

particles with amino groups and the like ha^a pos^ve JeS D Z« , ^ n693tiVe 2Gta P ° tential - ° r 9anic 

[0035] Thus, by combining specific inorganic dS2 Tel P SPeCrf ' C pH ra " geS - 

their zeta potentiate are of opposite S^^^S^r*^ mfXin9 ^ 3 PH ra " 9e at Which 
organic particles by electrostatic force During the mWno ^e ^ nT? ° f the in ° rganic particles a " d 

adjusted thereafter so that the zeta potential of th72tll «T may be ° f the Same si 9"' and the pH 

thereby a, lowing integration of ^ ^ ^ ~ " Sig " S - 

a.uminum ^^^^^^^ »• P °^~" - - alkoxysilane, 

electrostatic force, and bonding of polysiloxane or The Le ^ .S ? - mte9ra " y C ° mf> ° Sed h th ' S manner ** 
[0037] The form of the inorganic particles TZ^ZZSZfJT "J* 0 " ° f the partides to form a composite 
erably spherical. Here, "spherical" means ^SStS^J^^S^ T*"? ^ 38 * a abraSiVe is pref " 

Sce^S 
£KTr~ 

a CMP process employing the aqueous ^rsToZZ^^ l T !? ^ P °' iShing rate *»' 

result in precipitation and separation of thJ ^brale hamSrino eE,* mean part,cle *• "heater than 30 pm may 
mean particle size is preferably 0.002-3 pm, m^Z^^S go m ' Stat> ' e aqUe ° US dis Persion. The 

especially 0.01-0.7 pm. An abrasive with a mTan 2 I™Z ^ ^ eVen m ° rS preferab, y 00 ° 7 - 1 a " d 
CMP that has a high polishing rate wKhout ^S^^^S^" 8 SV 3qUe ° US diSpersi ° n *» 

^measured by observation using a laser di^n ™^ 

0.1-20 wto /o , even more p^SS^^Z^T?^ * wt%, more preferably 

andeve^o^ 

wt%andevenmoreprefeUl-^/!°S 
« polishing rate with the aqueous dispersion O tne XThTnd * T T * V "* P ° SSib ' e l ° achieve an ad W 

moam T* * the 3que ° US dispersion ^SSSSlZ^ "* " t0 ° high " the cost is increased 
injure 

the invention. H wwjiany preferred as the medium for the aqueous dispersion of 

rate adjusting components, and the organic adds m££ se Sldf ^k 93 "' 0 3ddS m3y be me "«°nedas polishing 
dibasic acids, hydroxyl acids, carboxylate adds chelated T W ' th ' n 3 W ' de range includin 9 monobasic acids 
there may be mentioned acetic acid, J5£ SfCJ ^iS^^J^ AS Preferred ° rganic acids 
^ acd, glycolic acid, formic acid, fumaric acid lac tic acid laurt ' • P 1 r ° ,C 3C ' d ' Capry " C acid ' citric acld - 9'^aric 

oxalic acid, palmitic acid, phtha.ic acid, propSfc add pv uvfc ^ ? ' ma ' eiC "**■ m3l ° niC 3Cid ' ^ acid - 
acd and the like, any one or more of which Say be used ^ SUCCini ° 3Cid ' tartaric acid - va| e«c 

[0042] T - d ^ciatingp 0rti onsoftheseorganicacidsmaybee,herdi.^^^^^^^ 
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forms a p air with the organic acid ion may be a hydtotn on oT^l T°Z dissociatin 9 Portion which 
the aqueous dispersion if necessary (for example „ um ion Z* 3 Cat '° n dertVed f f ° m an additlve add * d to 
aqueous dispersion of the invention, the o^'^T^^T^ -T' *" ^ *" P re P a ' a «on of the 
[0043] Maleic acid is particularly preferred amonnthT ^ * 3n 3C,d ° r as an or 9 anic acid salt, 

component used for t^^g^S^ "7*7 ° r9aniC ^ " ™* 3d ^ 

thema^rdr^ 

if necessary (for example, aUlum to o poSum^ ion) anTo!™ ^ ^ added t0 the 3 << ueous *-U*n 
has an effect of improving the polishing rate andTcan ata ^tElE? ? * Preferre<1 The P°^sium ion also 

For production of the maleic acid iJ^TJS^^^^ 30 eVen 9 reater P°^>»9 rate, 

maleate. The potassium ion used in the aqueous ^TersZ mav L „T T nlMt ^ t0 USe P° tassiu <" 

potassium hydroxide used for adjustment of the pStfTe *2S! f ^'^ ""k^' Pr0dUCed fr ° m 
the aqueous dispersion if necessary. aqueous dispersion, or derived from an additive added to 

[0044] The maleic acid ion concentration in _ 
0.01-0.5mo,e/, rt er.Thisconce~^ 

preferably 0. 1 -5.8 wt%) as maleic acid d '° n C3 " be ach,eved ^ addin 9 * 0.06-1 1 .6 wt% (more 

Iter the polishing surface may undergo corrosion and it ml not h! ^ l °" Concentration * greater than 1 mole/ 
with high precision. The maleic acid ion concen^tton ZZ Z X ° ° btai " 3 satisfa <*>ry finished surface 

The potassium ion concentration ma 2 any ^oTZ^^T '™ C ^^P^ 
more preferably 0.02-1 mole/lite, in this case! potass Z Ton ZZTT' *?? * ° ° 1 " 2 mo,es/,ite ' a " d 

impossible to exhibit a sufficient improving * ° ° 1 m °' e/,iter may make « 

tend to result in scratches. « on tne polishing rate, while a concentration of over 2 moles/liter can 

aHU^ 

o f C«2C n S2; r a9ents inc,ude — — 

nitrates sulfates, EDTA, citrates, potassium SSSSLT^MrE f ^ iro "- based ™s « 

ammonium salts, quaternary ammonium salts, pl£^^£^j£^ salts sodium salts, potassium salts, 

Partia/ly in ^^JSZ^™^^™ X * 
molecule as well as the aforementioned hydrogen peroxide for. * 9 Per ° X ' de " inC ' UdeS hydro 9 en P era * d * 
f romO.OS-?oXS 

As polyvalent metal ions there may be mSSlS,^ . ' mPr ° Ve P ° liShing rate " 
manganese, iron, cobalt, nickel, copper, zinc oerMm S^Z^ "«**™num, "taniurh, vanadium, chromium, 
lead and cerium. Any one of these may be Sed or Z^'r 2 ? T ybdenUm ' tin ' antimon K ^ tungsten 

The polyvalent meta, ion contend be ^S^^STf T^"" ™ V be US6d —fination. 
dispersion. y e up to 3000 PP m - and preferably from 10-2000 ppm, in the aqueous 

polyvalent metal element There mav also h. - . . l!™ " ™ v ate ° 09 "V mixing an oxide of a 

with the aqueous medium, but whose ion becomes a po^ten ^T™**" M >0n When mixed 
and chelates, iron nitrate is preferred because of nl ^7,7 °" by the ox,d,2| n9 agent. Of these various salts 

[0048] The p H of the aqueous C^oTcS™^,^^^ ° f imprOVin 9 the 
8-11 . even more preferabiy 8.5-10.5 and e" ^^ 10 Th/n J h l ° the r3nge ° f 7 ' 11 ■ mora P^erably 

as nftric acid or sutfurto acid, or with an ^S^S^ l ^^h22^ ,l T *? 3CCOmp,ished with « such" 
of the aqueous dispersion is below 7, the etching ^2^2^^' V < *° Xl * ° r ammoniur "- » the P H 
to produce more dishing and erosion. On the other hand S the D m f a ho„ « < 5^ r ° f * he iS Str ° n 9 er ' thus Ending 
and a satisfactory wiring pattern cannot be obtained P 1 1 ^ ' nSU,atin9 film is excessively polished 
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[0049] An aqueous dispersion as described in Claims 8 to 15 contains a "heterocyclic compound". As heterocyclic 
compounds there may be used compounds such as (1) quinolinecarboxylic acids such as 2-quinolinecarboxylic acid 
(quinaldinic acid), (2) indolizines such as 7-hydroxy-5-methyl-1 ,3,4-triazaindolizine and (3) compounds with hetero- 
pentacycles such as benzotriazole, benzothiazole and benzothiadiazole, as well as (4) compounds with heterohexa- 
5 cycles such as diazine and triazine. Derivatives of these heterocyclic compounds may also be used, bonded with amino 
groups, mercapto groups, short-chain alkyl groups of 1-3 carbons, and the like. 

[0050] As derivatives of compounds with heteropentacycles there may be mentioned 2-aminobenzothiazole, 2-ami- 
no-6-methylbenzothiazole, 2-mercaptobenzothiazole, 4-amino-1 ,2,4-triazole, 4-amino-3-hydrazino-5-mercapto- 
1 ,2,4-triazole, 3-mercapto-1 ,2,4-triazole and 3-mercapto-4-methyl-4H-1 ,2,4-triazole, 5-amino-1 H-tetrazole, 2-mercap- 
io totrrrazoline, guanine, 1 -phenyr-5- me rcapto-1 H-tetrazole, 1 H-tetrazole, TH-tetrazole-T- acetic acid, 1-f2-crimethylami- 
noethy!)-5-mercaptotetrazole, 4,5-dicyanoimidazole, 2-amino-4,5-dicyano-1H-imidazole and 3H-1,2,3-triazolo[4,5-b] 
pyridin-3-ol. 

[0051] As derivatives of compounds with heterohexacycles there may be mentioned 3-amino-5,6-dimethyl-1 ,2,4-tri- 
azine, 2,4-diamino-6-diallylamino-1 ,3,5-triazine, benzoguanamine, thiocyanuric acid, melamine, 3-amino-5,6-dime- 
15 thyl-1 ,2,4-triazine, phthalazine and 2,3-dicyano-5-methylpyrazine. 

[0052] As heterocyclic compounds there may also be used derivatives of compounds with a heteropentacycle and 
a heterohexacycle. Such derivatives include adenine and guanine. 

[0053] As a heterocyclic compound for aqueous dispersion (a) it is preferred to use either or both quinaldinic acid 
or 7-hydroxy-5-methyl-1,3,4-triazaindolizine. For aqueous dispersion (b), benzotriazole is particularly preferred. For 
20 aqueous dispersion (c) it is preferred to use at least one from among benzotriazole, quinaldinic acid and 7-hydroxy- 
5-methyl-1 ,3,4-triazaindolizine. 

[0054] The content of the heterocyclic compound may be 0.0001-5 wt% with respect to 100 wt% of the aqueous 
dispersion. The content for aqueous dispersions (a) and (c) is preferably 0.001-1 wt%, and more preferably 0.01-0.5 
wt%. For aqueous dispersion (b), it is preferably 0.001 -0.5 wt%, and more preferably 0.01 -0.05 wt%. If the heterocyclic 
25 compound content is less than 0.0001 wt% it may not be possible to polish the copper film and barrier metal film at an 
adequate rate, and a longer time may be required for polishing, especially when the aqueous dispersion is used for 
polishing of a barrier metal film. Including the heterocyclic compound at 5 wt% can give an adequate effect, and there 
is no need to increase the content above this. 

[0055] An aqueous dispersion as described in Claims 8 to 15 contains an "organic acid". There is no restriction on 
30 the type of organic acid, and a wide range of organic acids may be used such as monobasic acids, dibasic acids, 
hydroxyl acids and carboxylate acids. Of these organic acids, those with 2 or more carboxyl groups per molecule are 
preferred. As such organic acids there may be mentioned (1 ) saturated acids such as oxalic acid, malonic acid, succinic 
acid, glutaric acid and adipic acid, (2) unsaturated acids such as maleic acid and fumaric acid, (3) aromatic acids such 
as phthalic acid and (4) hydroxyl acids such as lactic acid, malic acid, tartaric acid and citric acid. Preferred among 
35 these organic acids are malonic acid, succinic acid, maleic acid, lactic acid and citric acid. 

[0056] The content of the organic acid in an aqueous dispersion according to Claims 8 to 15 may be 0.01-10 wt%, 
especially 0.1-5 wt%, and more preferably 0.3-3 wt%, with respect to 100 wt% of the aqueous dispersion. If the organic 
acid content is less than 0.01 wt%, it may not be possible to polish copper films and barrier metal films at an adequate 
rate, and the stability of the aqueous dispersion is reduced. Adding the organic acid at 5 wt% sufficiently improves the 
40 polishing rate, and there is no need to increase the content above this. 

[0057] The content also includes cases where a portion of the organic acid is present in ion form. That is, it is the 
amount thereof included in the dispersion. 

[0058] An aqueous dispersion as described in Claims 8 to 1 5 also contains an "oxidizing agent". As oxidizing agents 
there may be used (1 ) persulfates such as ammonium persulfate and potassium persulfate, (2) hydrogen peroxide, (3) 

45 inorganic acids such as nitric acid and sulfuric acid, (4) organic peroxides such as peracetic acid, perbenzoic acid and 
tert-butylhydroperoxide, and (5) polyvalent metal salts including permanganic acid compounds such as potassium 
permanganate and dichromic acid compounds such as potassium dichromate. Particularly preferred as oxidizing 
agents are hydrogen peroxide, persulfates such as potassium persulfate and ammonium persulfate, and inorganic 
acids such as nitric acid and sulfuric acid. Persulfates can improve the polishing rates of both copper films and barrier 

50 metal films, and can be suitably used regardless of the degree of polishing of the copper film in the first stage of polishing. 
[0059]- The oxidizing agent content may be 0.01-10 wt%, preferably 0.05-5 wt% and more preferably 0.1-3 wt%, with 
respect to 100 wt% of the aqueous dispersion. If the oxidizing agent content is less than 0.01 wt%, it may not be 
possible to polish the copper film and barrier metal film at an adequate rate, and a longer time may be required when 
the aqueous dispersion is used for polishing of a barrier metal film. Adding the oxidizing agent at 10 wt% sufficiently 

55 improves the polishing rate, and there is no need to increase the content above this. 

[0060] An aqueous dispersion as described in Claims 8 to 1 5 may also contain a "surfactant". As surfactants there 
may be used cationic surfactants, anionic surfactants or non-ionic surfactants. Anionic surfactants are particularly 
preferred, and as anionic surfactants there may be mentioned (1) carboxyiates such as fatty acid soaps and alkylether 



9 



EP1 116 762 A1 



carboxylates, (2) sulfonates such as alkylbenzenesutfonates, alkylnaphthalenesulfonates and a-olefinsulfonates, (3) 
sulfate esters such as higher alcohol sulfate esters, alkyiether sulfates and polyoxyethylene alkylphenylether sulfates, 
and (4) phosphate esters such as alkylphosphate esters. Preferred among these anionic surfactants are sulfonates, 
with potassium dodecylbenzenesulfonate and and ammonium dodecylbenzenesulfonate being particularly preferred. 
[0061] The surfactant content for aqueous dispersions (a) and (b) may be 0.0001-5 wt%, especially 0.001 -0.5 wt% 
and more preferably 0.01-0.2 wt% with respect to 100 wt% of the aqueous dispersion. The content is preferably not 
less than 0.0001 wt% because the polishing rate may not be adequately improved. On the other hand, it is preferably 
not over 5 wt% because the polishing rate may be considerably reduced particularly for copper. For aqueous dispersion 
(c), a surfactant may be added at less than 0.0001 wt%, but addition of a surfactant can lower the polishing rate for 
insulating films, and therefore it is preferred not to use a surfactant. 

[0062] The pH of an aqueous dispersion as described in Claims 8 to 15 may be from 5 to below 8.5 for aqueous 
dispersion (a), and is preferably 6 to below 8 and more preferably 6.5 to below 8. With a pH within this range, the 
barrier metal film is polished at a sufficient rate while polishing of the insulating film is minimized so that excessive 
polishing of the insulating film does not occur. On the other hand, the pH for aqueous dispersions (b) and (c) may be 
8.5 to 12, preferably 8.5 to 11 and more preferably 8.5 to 10. With a pH within this range, the barrier metal film is 
polished at a sufficient rate. In particular, aqueous dispersion (c) with a pH adjusted to within this range accomplishes 
polishing of barrier metal films at a sufficient rate as well as suitable polishing of insulating films, it is therefore useful 
as an aqueous dispersion for a third stage of polishing. 

[0063] Polishing of a working film for a semiconductor device can be accomplished with a commercially available 
chemical mechanical polishing apparatus (such as Model "LGP510" or "LGP552" by Lapmaster SFT Co., Ltd.; Model 
"EPO-112", "EPO-113" and "EPO-222" by Ebara Laboratories Co., Ltd.; Model "Mirra" by Applied Materials Corp.; and 
Model "AVANTI-472" by Aipec Corp.). For the polishing, it is preferred for the abrasive remaining on the polishing 
surface to be removed after polishing. The abrasive may be removed by a common washing method. When the abrasive 
consists of organic particles, the polishing surface may be heated to high temperature in the presence of oxygen to 
burn off the particles for their removal. The burning method used may be an ashing treatment method with plasma 
whereby particles are exposed to the oxygen plasma, oxygen radicals are supplied in a downf low, or the like; this allows 
the residual organic particles to be easily removed from the polishing surface. 

[Embodiments of the Invention] 

[0064] The present invention will now be explained in greater detail by way of examples. 

[1] Preparation of aqueous dispersions containing abrasive 

(1) Preparation of aqueous dispersions containing inorganic particles 

Synthesis Example 1 [Preparation of aqueous dispersions containing fumed silica or fumed alumina] 

[0065] After placing 1 00 g of fumed silica particles (product name: "Aerosil #90", Nippon Aerosil Co., Ltd.) and fumed 
alumina particles (product name: "Aluminum Oxide C, Degusa Corp.) in a 2-liter volume polyethylene bottle, ion- 
exchanged water was charged in to an amount giving a total of 1000 g. The particles were then dispersed with an 
ultrasonic disperser to prepare aqueous dispersion (Ala) containing 1 0 parts by weight (hereunder referred to as "parts") 
of fumed silica particles and aqueous dispersion (Alb) containing 10 parts of fumed alumina particles. 

Synthesis Example 2 [Preparation of aqueous dispersions containing colloidal silica] 

[0066] After loading 70 g of ammonia water at a 25 wt% concentration, 40 g of ion-exchanged water, 175 g of ethanol 
and 21 g of tetraethoxysilane into a 2-liter volume flask, the mixture was heated to 60°C while stirring at 180 rpm, and 
after continuing the stirring at this temperature for 2 hours, the mixture was cooled to obtain a colloidal silica/alcohol 
dispersion with a mean particle size of 230 nm. An evaporator was then used for several repetitions of a procedure in 
which the alcohol portion was removed while adding ion-exchanged water to the dispersion at a temperature of 80°C, 
and the alcohol in the dispersion was thereby removed to prepare aqueous dispersion (A2a) with a solid content of 8 
wt%. 

[0067] Aqueous dispersion (A2b) containing silica particles with a mean particle size of 30 nm was prepared in the 
same manner as above except that 35 g of ethanol was used and 15 g of tetraethoxysilane was used. 
[0068] Aqueous dispersion (A2c) containing silica particles with a mean particle size of 15 nm was prepared in the 
same manner as above except that 45 g of ethanol was used and 25 g of tetraethoxysilane was used. 
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(2) Preparation of aqueous dispersions containing abrasive composed of composite particles 

Synthesis Example 3 [Preparation of aqueous dispersion containing composite particles consisting of polymethyl 
meth aery late particles and silica particles] 

1) Production of aqueous dispersion containing polymer particles 

[0069] After charging 90 parts of methyl methacrylate, 5 parts of methoxypolyethyleneglycol methacrylate (trade 
name: "NK Ester M-90G", #400, product of Shinnakamura Chemical Industries Co., Ltd.), 5 parts of 4-vinylpyridine, 2 
parts of an azo-based polymerization initiator (trade name "V50", product of Wako Jtmyaku Co., Ltd.) and 400 parts 
of ion-exchanged water into a 2-liter volume flask, the contents were heated to 70°C while stirring under a nitrogen 
gas atmosphere, for 6 hours of polymerization. This yielded an aqueous dispersion containing polymethyl methacrylate- 
based particles with a mean particle size of 150 nm, having amino group cations and polyethylene glycol chain-bearing 
functional groups. The polymerization yield was 95%. 

2) Production of aqueous dispersion containing composite particles 

[0070] After loading 100 parts of this aqueous dispersion containing 1 0 wt% polymethyl methacry late-based particles 
which was obtained in 1 ) above into a 2-liter volume flask, 1 part of methyltrimethoxysilane was added and the mixture 
was stirred dt 40°C for 2 hours. The pH was then adjusted to 2 with nitric acid to obtain aqueous dispersion (i). Also, 
the pH of an aqueous dispersion containing 10 wt% of colloidal silica particles (product name: "Snowtex O m , product 
of Nissan Chemical Industries Co., Ltd.) was adjusted to 8 with potassium hydroxide to obtain aqueous dispersion (ii). 
The zeta potential of the polymethyl methacrylate-based particles in aqueous dispersion (i) was +17 mV, and the zeta 
potential of the silica particles in aqueous dispersion (ii) was -40 mV. 

[0071] After then gradually adding and mixing 50 parts of aqueous dispersion (ii) to 100 parts of aqueous dispersion 
(i) over a period of 2 hours and stirring for 2 hours, there was obtained an aqueous dispersion containing particles 
consisting of silica particles adhered to the polymethyl methacrylate-based particles. Next, 2 parts of vinyltriethoxysilane 
was added to this aqueous dispersion, and after stirring for one hour, 1 part of tetraethoxysilane was added, and the 
mixture was heated to 60°C and then continually stirred for 3 hours and cooled to obtain aqueous dispersion (A3) 
containing composite particles. The mean particle size of the composite particles was 180 nm, and the silica particles 
were adhered to 80% of the surface of the polymethyl methacrylate-based particles. 

[2] Preparation and evaluation of aqueous dispersions for CMP (1) Example 1 

[0072] Aqueous dispersion (Ala) containing fumed silica prepared in Synthesis Example 1 was mixed with ion-ex- 
changed water to 5 parts of fumed silica and to 1 wt% and 0.1 wt% concentrations of potassium maleate and hydrogen 
peroxide, respectively, and the pH was adjusted to 9.5 with potassium hydroxide to obtain an aqueous dispersion for 
CMP 

Examples 2-9 

[0073] Aqueous dispersions for CMP having specific pH values were obtained in the same manner as Example 1 
except that the abrasive types and mixing contents, as well as the mixing contents of potassium maleate and hydrogen 
peroxide, were changed as shown in Table 1 . 

Comparative Example 1 

[0074] An aqueous dispersion for CMP having a specific pH was obtained in the same manner as Example 1 , except 
that no polishing rate adjusting component was added. 

Comparative Examples 2-6 

[0075] Aqueous dispersions for CMP having specific pH values were obtained in the same manner as Example 1 
except that the abrasive types and mixing contents , the polishing rate adjusting component types and mixing contents, 
and the mixing content of hydrogen peroxide, were changed as shown in Table 2. In Comparative Example 5, however, 
nitric acid was used instead of potassium hydroxide for adjustment to the specific pH. 

[0076] The aqueous dispersions for CMP of Examples 1-9 and Comparative Examples 1-6 were used for polishing 
of an 8-inch copper film-coated wafer, an 8-inch tantalum film -coated wafer, an 8-inch tantalum nitride film-coated wafer 
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and an 8-inch plasma TEOS film-coated wafer. 

[0077] A Model "LGP-510" by Lapmaster Corp. was used as the polishing apparatus to polish films formed on each 
wafer under the following conditions, and the polishing rate was calculated according to the formula given below. 

Table rotation speed: 50 rpm 

Head rotation speed: 50 rpm 

Polishing pressure: 300 g/cm 2 

Aqueous dispersion supply rate: 100 ml/min. 

Polishing time: 1 min. 

Polishing pad: Two-layer structure of Product No. IC1000/SUBA400, by Rodel-Nrtta Co., Ltd. 

Polishing rate (A/min) « [(thickness of film before polishing) - (thickness of film after polish ing)]/polishing time. 

[0078] The thickness of each of the copper, tantalum and tantalum nitride films was determined by measuring the 
sheet resistance by the direct current 4-probe method using a resistivity measuring instrument (Model "Z-5 M by NPS 
Corp.), and calculating the thickness from the sheet resistance value and the copper or tantalum resistivity based on 
the following formula. 

Thickness (A) of copper, tantalum or tantalum nitride film 
= [copper, tantalum or tantalum nitride resistivity (H/cm)/ sheet resistance value (a/cm 2 )] x 10~ 8 

[0079] The thickness of the insulating film was measured with an interference film thickness probe (Model "FTP500" 
by Sentech Corp.). 

[0080] Scratches on the copper film were evaluated by irradiating the sample with a spotlight in a dark room and 
visually observing the presence of any scratches. 

[0081] Scratches on the insulating film were evaluated by photographing with a differential interference microscope 
and counting the number of scratches in a visual field of 100 urn x 100 \xm. 
[0082] The results are shown in Tables 1 and 2. 
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[0083] According to the results shown in Table 1 , the aqueous dispersions of Examples 1 -9 containing 1 -3 parts of 
potassium maleate and 0.1 -3 parts of hydrogen peroxide all had copper film and tantalum film and/or tantalum nitride 
film polishing rate ratios (Rcu/R B m) and copper film and insulating film polishing rate ratios (R Cu /R| n ) in the range of 
0.5-2. Particularly, Examples 4 to 6 which used composite particles or mixtures of composite particles and fumed silica 
as the abrasive had R Ci /Rbm and Rci/ R in ratios in the range of 0.8-1 .2, and exhibited very few scratches of the copper 
film and insulating film, while giving finished surfaces with sufficient flatness and high precision. 
[0084] According to the results shown in Table 2, Comparative Examples 1-5 had either very large or very small 
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copper film and tantalum film and/or tantalum nitride film polishing rate ratios (Rcl/R B m) and copper film and insulating 
film polishing rate ratios (RcJR\n)> and exhibited finished surfaces with insufficient flatness. 

In Comparative Example 6 which used a first-stage aqueous dispersion with Rcu/Rbm = 100, the copper film 
polishing rate R Cu was high, but the copper film and tantalum film and/or tantalum nitride film polishing rate ratio (F^y 
R BM ) and the copper film and insulating film polishing rate ratio (R Cu /R ln ) were both small, and sufficient flatness could 
not be achieved for the finished surface. 

Example 10 

[0085] On thesurfaee^>f asi4ieonsubstrate there was laminated an insulating film bearing a pattern formed by grooves 
with a depth of 1 urn and different widths of 5 *im, 10 jam, 25 \im t 50 |Lim, 75 urn and 100 jim. A 300 A TaN film was 
then formed on the surface of the insulating film, and then copper was accumulated to 1 .3 *im by sputtering and plating 
in the grooves covered with the TaN film, to fabricate a wafer. 

A Model M LGP-510 M by Lapmaster SFT Co., Ltd. was used as the polishing apparatus for two-stage polishing of 
the fabricated wafer under the following conditions. In the first stage of polishing, however, a fumed silica-based aque- 
ous dispersion (R Ci /Rbm - 30 ) was used as the aqueous dispersion for 3 minutes of polishing, after which a second 
stage of polishing was carried out using the same aqueous dispersion as Example 5, until the remaining copper and 
TaN were completely removed. 

Table rotation speed: 50 rpm 

Head rotation speed: 50 rpm 

Polishing pressure: 300 g/cm 2 

Aqueous dispersion supply rate: 100 mi/min. 

Polishing pad: Two-layer structure of Product No. IC1000/SUBA400, by Rodel-Nitta Co., Ltd. 

After the polishing, a surface roughness meter (Model "P-10" by KLA-Tencor Corp.) was used to measure the 

dishing in the 100 jim-width copper wiring, which was found to be 450 A. 

Example 11 

[0086] Two-stage polishing was carried out in the same manner as Example 10 except for using the same aqueous 
dispersion used in Example 6 as the aqueous dispersion for the second stage of polishing; the dishing of a 100 ujn 
copper wiring was measured. 

The dishing of the 100 jiim copper wiring after completion of polishing was 470 A. 

Comparative Example 7 

[0087] Two-stage polishing was carried out in the same manner as Example 10 except for using the same aqueous 
dispersion used in Comparative Example 3 as the aqueous dispersion for the second stage of polishing; the dishing 
of a 1 00 jim copper wiring was measured. 

The dishing of the 100 pjn copper wiring after completion of polishing was 3500 A. 
[0088] Examples 1 0 and 1 1 obtained by the polishing process of the invention produced less than 500 A of dishing 
in a 1 00 urn copper wiring after completion of polishing, and the finished surfaces obtained were sufficiently flattened 
and highly precise. Comparative Example 7, however, had large dishing of 3500 A in a 100 jam copper wiring after 
completion of polishing, and the finished surface was insufficiently flattened. 

[3] Preparation and evaluation of aqueous dispersions for CMP (2) Examples 12-24 

[0089] Prescribed amounts of the aqueous dispersions prepared in Synthesis Examples 1 to 3 were each charged 
into a 1 -liter volume polyethylene bottle, and the heterocyclic compounds and organic acids listed in Tables 3 to 5 were 
added to the contents also listed in Tables 3 to 5 and thoroughly mixed therewith. Aqueous solutions of the oxidizing 
agents and surfactants listed rrr Tables 3 to 5 were then added to the contents listed in Tables 3 to 5 while stirring 
(where Examples 21 -24 in Table 5 were compositions containing no surfactant). Next, an aqueous potassium hydroxide 
solution or ammonia water was added to adjust the pH to the values listed in Tables 3 to 5, after which ion-exchanged 
water was added and the solutions were filtered with a 5 ujn pore filter to obtain aqueous dispersions for CMP for 
Examples 12 to 24. 

The "HMT" in Tables 4 and 5 represents 7-hydroxy-5-methyl-1 ,3,4-triazaindoIizine. 

The aqueous dispersions of Examples 12 to 24 were used for polishing of an 8-inch copper film-coated wafer 
(represented as "Cu" in Tables 3-5), an 8-inch tantalum film-coated wafer (represented as *Ta" in Tables 3-5), an 8-inch 
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plasma TEOS film-coated wafer (represented as "PETEOS" in Tables 3-5) and an 8-inch silsesquioxane film-coated 
wafer (represented as "low-k n in Tables 3-5). The polishing apparatus and polishing conditions employed were as 
follows. 

Polishing apparatus: Model "LGP510 W by Lapmaster SFT Corp. 

Polishing pad: Product name: M IC10uO-050-(603)-(P)-S400J w , by Rodel Corp. (U.S.) 

Carrier load: 300 g/cm 2 

Carrier rotation speed: 80 rpm 

Table rotation speed: 100 rpm 

Aqueous dispersion supply rate: 200 ml/min. 

Polishing time: 3 minutes 
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plasma TEOS film-coated wafer (represented as "PETEOS" in Tables 3-5) and an 8-inch silsesquioxane film-coated 
7^Zt ? ^ ^ Tab,6S 3 " 5) - P ° ,iShing aPParatUS and P ° ,ishing COndition * employed wSe as 

Polishing apparatus: Model "LGP510" by Lapmaster SFT Corp. 

Polishing pad: Product name: W IC1000-050-(603)-(P)-S400J", by Rodel Corp. (U.S.) 

Carrier load: 300 g/cm 2 

Carrier rotation speed: 80 rpm 

Table rotation speed: 100 rpm 

Aqueous dispersion supply rate: 200 ml/min. 

Polishing time: 3 minutes 
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copper film and tantalum film and/or tantalum nitride film polishing rate ratios (Rci/ r bm) and copper film and insulating 
film polishing rate ratios (Ro/Rin). and exhibited finished surfaces with insufficient flatness. 

In Comparative Example 6 which used a first-stage aqueous dispersion with Rci/Rbm = 100, the copper film 
polishing rate R Cu was high, but the copper film and tantalum film and/or tantalum nitride film polishing rate ratio (RqJ 
R BM ) and the copper film and insulating film polishing rate ratio (R Cu /R ln ) were both small, and sufficient flatness could 
not be achieved for the finished surface. 

Example 10 

[0085] On the surface of a silicon substrate there was laminated an insulating film bearing a pattern formed by grooves 
with a depth of 1 |xm and different widths of 5 jxm, 10 urn, 25 jim, 50 jim, 75 u.m and 100 p,m. A 300 A TaN film was 
then formed on the surface of the insulating f ilm, and then copper was accumulated to 1 .3 u.m by sputtering and plating 
in the grooves covered with the TaN film, to fabricate a wafer. 

A Model "LGP-510 M by Lapmaster SFT Co., Ltd. was used as the polishing apparatus for two-stage polishing of 
the fabricated wafer under the following conditions. In the first stage of polishing, however, a fumed silica-based aque- 
ous dispersion (B Cl /B m = 30) was used as the aqueous dispersion for 3 minutes of polishing, after which a second 
stage of polishing was carried out using the same aqueous dispersion as Example 5, until the remaining copper and 
TaN were completely removed. 

Table rotation speed: 50 rpm 

Head rotation speed: 50 rpm 

Polishing pressure: 300 g/cm 2 

Aqueous dispersion supply rate: 100 ml/min. 

Polishing pad: Two-layer structure of Product No. IC1000/SUBA400, by Rodel-Nitta Co., Ltd. 

After the polishing, a surface roughness meter (Model "P-10 M by KLA-Tencor Corp.) was used to measure the 

dishing in the 100 ^m-width copper wiring, which was found to be 450 A. 

Example 11 

[0086] Two-stage polishing was carried out in the same manner as Example 10 except for using the same aqueous 
dispersion used in Example 6 as the aqueous dispersion for the second stage of polishing; the dishing of a 100 \im 
copper wiring was measured. 

The dishing of the 100 urn copper wiring after completion of polishing was 470 A. 

Comparative Example 7 

[0087] Two-stage polishing was carried out in the same manner as Example 10 except for using the same aqueous 
dispersion used in Comparative Example 3 as the aqueous dispersion for the second stage of polishing; the dishing 
of a 1 00 (im copper wiring was measured. 

The dishing of the 100 \im copper wiring after completion of polishing was 3500 A. 
[0088] Examples 10 and 11 obtained by the polishing process of the invention produced less than 500 A of dishing 
in a 100 *im copper wiring after completion of polishing, and the finished surfaces obtained were sufficiently flattened 
and highly precise. Comparative Example 7, however, had large dishing of 3500 A in a 100 \im copper wiring after 
completion of polishing, and the finished surface was insufficiently flattened. 

[3] Preparation and evaluation of aqueous dispersions for CMP (2) Examples 12-24 

[0089] Prescribed amounts of the aqueous dispersions prepared in Synthesis Examples 1 to 3 were each charged 
into a 1 -liter volume polyethylene bottle, and the heterocyclic compounds and organic acids listed in Tables 3 to 5 were 
added to the contents also listed in Tables 3 to 5 and thoroughly mixed therewith. Aqueous solutions of the oxidizing 
agents and surfactants listed in Tables 3 to 5 were then added to the contents listed in Tables 3 to 5 while stirring 
(where Examples 21 -24 in Table 5 were compositions containing no surfactant). Next, an aqueous potassium hydroxide 
solution or ammonia water was added to adjust the pH to the values listed in Tables 3 to 5, after which ion-exchanged 
water was added and the solutions were filtered with a 5 jim pore filter to obtain aqueous dispersions for CMP for 
Examples 12 to 24. 

The "HMT" in Tables 4 and 5 represents 7-hydroxy-5-methyM ,3,4-triazaindolizine. 

The aqueous dispersions of Examples 12 to 24 were used for polishing of an 8-inch copper film-coated wafer 
(represented as "Cu" in Tables 3-5), an 8-inch tantalum film-coated wafer (represented as Ta" in Tables 3-5), an 8-inch 
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[0090] The polishing rate was calculated according to the following formula. The results are shown in Tables 3 to 5. 
Polishing rate (A/min) = [(thickness of film before polishing) - (thickness of film after polishing)/polishing time] 

5 

[0091] The thickness of each of the copper and tantalum films was determined by measuring the sheet resistance 
by the direct current 4-probe method using a resistivity measuring instrument (Model "Z-5" by NPS Corp.), and calcu- 
lating the thickness from the sheet resistance value and the copper or tantalum resistivity based on the following 
formula. 

10 

Thickness (A) of copper or tantalum film » [copper or tantalum 
resistivity (fl/cm)/ sheet resistance value (n/cm 2 )] x 10' 8 

15 

[0092] The thickness of the insulating film was measured with an interference film thickness probe (Model TTP500" 
by Sentech Corp.). 

[0093] According to the results shown in Tables 3 to 5, the aqueous dispersions of Examples 1 2 to 24 which contained 
prescribed amounts of heterocyclic compounds, organic acids and oxidizing agents, with surfactants when necessary, 

20 had polishing rate ratios for the copper films, barrier metal films and insulating films that varied across a wide range 
depending on the composition. It was demonstrated that the types and amounts of heterocyclic compounds, organic 
acids and oxidizing agents can be changed for optimal adjustment of the aqueous dispersion for the second stage or 
third state of polishing. It is believed that the aqueous dispersions of Examples 12 to 24 may therefore be used to 
easily obtain finished surfaces with sufficient flatness and high precision when polishing working films formed on sem- 

25 iconductor substrates. 

[0094] There are provided aqueous dispersions for CMP that can efficiently polish both copper films and barrier metal 
films, which can give sufficient flattened finished surfaces without excessive polishing of insulating films, as well as a 
CMP process employing the aqueous dispersions. The aqueous dispersions for CMP according to the invention are 
characterized in that for polishing of a copper film, barrier metal film and insulating film under the same conditions, the 

30 polishing rate ratio (R Cu /r bm) of the copper film (R Cu ) and the barrier metal film (R BM ) is such that 0.5 < Ro/Rbm < 2, 
and the polishing rate ratio (R Cu /R| n ) of the copper film (R Cu ) and the insulating film (R, n ) is such that 0.5 < R Cl /R| n £ 
2. Other aqueous dispersions for CMP according to the invention are characterized in that they contain an abrasive, 
a heterocyclic compound, an organic acid and an oxidizing agent, and for polishing of a copper film, barrier metal film 
and insulating film under the same conditions, the polishing rate ratio (Rcl/ r bm) of the copper film (R Cu ) and the barrier 

35 metal film (R BM ) is such that 0 < R C l/ r bm * 5 » and the polishing rate ratio (R| n /R B M) of the insulating film (R, n ) and the 
barrier metal film (R BM ) is such that 0 < R jn /R BM < 2. The CMP process of the invention is characterized by using these 
aqueous dispersions for CMP in the second stage of two-stage polishing, in the second stage of three-stage polishing 
or in the third stage of three-stage polishing. 

40 

Claims 



1. An aqueous dispersion for chemical mechanical polishing characterized in that, for polishing of a copper film, 
barrier metal film and insulating film under the same conditions, the ratio (Rc u /R BM ) of the polishing rate for said 

45 copper film (R Cu ) and the polishing rate for said barrier metal film (R BM ) is such that 0.5 < R Ci / r bm * 2 » and tne 

ratio (R Cu /R in) of tne polishing rate for said copper film (R Cu ) and tne polishing rate for said insulating film (Rj n ) is 
such that 0.5 < R Cl /Rin ^ 2. 

2. An aqueous dispersion for chemical mechanical polishing according to Claim 1 , wherein said barrier metal film is 
so composed of tantalum and/or tantalum nitride. 

3. An aqueous dispersion for chemical mechanical polishing according to Claim 1 or 2, which contains at least an 
abrasive, water and a polishing rate adjusting component. 

55 4. An aqueous dispersion for chemical mechanical polishing according to Claim 3, wherein said abrasive consists of 
at least one type of particles selected from among inorganic particles, organic particles and inorganic/organic 
composite particles. 
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5. An aqueous dispersion for chemical mechanical polishing according to Claim 3, wherein said polishing rate ad- 
justing component is maleic acid ion. 

6. An aqueous dispersion for chemical mechanical polishing according to Claim 5, wherein the concentration of said 
maleic acid ion is 0.005-1 mole/liter. 

7. An aqueous dispersion for chemical mechanical polishing according to any one of Claims 1 to 6, wherein the pH 
is 7-11. 

8. An aqueous dispersion for chemical mechanical polishing characterized irr that tt-eontains an abrasive, a hetero- 
cyclic compound, an organic acid and an oxidizing agent, and for polishing of a copper film, barrier metal film and 
Insulating film under the same conditions, the ratio (R Ci /Rbm) of tne polishing rate for said copper film (R Cu ) and 
the polishing rate for said barrier metal film (R BM ) is such that 0 < R Cl /Rbm * 5, and the ratio (R In /R BM ) of the 
polishing rate for said insulating film (R, n ) and the polishing rate for said barrier metal film R BM is such that 0 < R ln / 

9. An aqueous dispersion for chemical mechanical polishing according to Claim 8, wherein the pH is below 8.5, said 
ratio R Ci /R B m >s such that 0.5 < R Cl /Rbm * 5 > and sa *d ratio R^/Rbm is such that 0 < R, n /R BM < 0.1 . 

10. An aqueous dispersion for chemical mechanical polishing according to Claim 9, wherein said heterocyclic com- 
pound is either or both quinaldinic acid or 7-hydroxy-5-methyl-1 ,3,4-triazaindolizine. 

11. An aqueous dispersion for chemical mechanical polishing according to Claim 8 or 3, which further contains a 
surfactant at 0.0001 -0.1 wt%. 

12. An aqueous dispersion for chemical mechanical polishing according to Claim 8, wherein the pH is 8.5 or above, 
said ratio R Cu /R BM is such that 0 < R Cl /R B m ^ 0.1 , said ratio R ln /R BM is such that 0 < R ln /R BM < 0.1, and which 
further contains a surfactant at 0.0001 -0.1 wt%. 

13. An aqueous dispersion for chemical mechanical polishing according to Claim 12, wherein said heterocyclic com- 
pound is benzotriazole. 

14. An aqueous dispersion for chemical mechanical polishing according to Claim 8, wherein the pH is 8.5 or above, 
said ratio R Cl /R B m is su ch that 0 < BcJR BM < 0.05, and said ratio R|n/R BM is such that 0.1 < R lr /R BM < 2. 

15. An aqueous dispersion for chemical mechanical polishing according to Claim 14, wherein said heterocyclic com- 
pound is at least one from among benzotriazole, quinaldinic acicf and 7-hydroxy-5-methyi-1,3,4-triazaindonzine. 

16. A chemical mechanical polishing process characterized by comprising 

a first stage of chemical mechanical polishing which employs an aqueous dispersion for chemical mechanical 
polishing with a ratio (R Ci /R B m) of tne polishing rate for copper films (R Cu ) and the polishing rate for barrier 
metal films (R BM ) of 20 or greater, and 

a second stage of chemical mechanical polishing which employs an aqueous dispersion for chemical mechan- 
ical polishing according to any one of Claims 1 to 7. 

1 7. A chemical mechanical polishing process characterized in that the second stage of chemical mechanical polishing 
of a polishing process comprising two stages of chemical mechanical polishing is carried out using an aqueous 
dispersion for chemical mechanical polishing according to any one of Claims 9 to 15. 

18. A chemical mechanical polishing process characterized in that the second stage of chemical mechanical polishing 
of a polishing process comprising three stages of chemical mechanical polishing is carried out using an aqueous 
dispersion for chemical mechanical polishing according to any one of Claims 9 to 11 . 

19. A chemical mechanical polishing process characterized in that the third stage of chemical mechanical polishing 
of a polishing process comprising three stages of chemical mechanical polishing is carried out using an aqueous 
dispersion for chemical mechanical polishing according to any one of Claims 12 to 15. 
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